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[Title of the Invention] Plasma treatment device 
[Scope of Claim for Patent] 

[Claim 1] A plasma treatment device including: a treatment container; an 
upper electrode and a lower electrode also serving as a sample table provided in the 
treatment container; and means for applying a high frequency between the upper and 
lower electrodes; characterized in that said lower electrode includes an electrode main 
body and an insulator covering the sample-mounting surface thereof, and thickness of 
said insulator is made thinner from the center toward the periphery of the sample- 
mounting surface. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a plasma treatment device used for 
manufacturing semiconductors, such as a plasma treatment device used for etching a 
silicon oxide film, polysilicon, an aluminum alloy or the like. 
[0002] 
[Prior Art] 

In a plasma treatment device used for manufacturing semiconductors, it is 
always an important problem to improve uniformity of plasma treatment of a wafer 
surface, in order to improve production yield of the semiconductors. 
[0003] 

Fig. 4 is a schematic vertical sectional view showing a conventional, parallel flat 
plate type plasma treatment device having an upper electrode and a lower electrode. 
At an upper portion of a treatment chamber 1 1, an upper electrode 12 fixed on a metal 
seal plate 1 3 is insulated and supported by shielding members 1 7 and 1 8. A coolant 
circulation path 15 is formed above upper electrode 12 for cooling upper electrode 12. 
[0004] 

At a lower portion of treatment chamber 1 1, a lower electrode 21 also serving as 
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a sample table for placing the wafer is arranged on a base plate 23, opposing to and kept 
at a prescribed distance from the upper electrode 12. A constant temperature fluid 
circulation path 22 is formed in the lower electrode 21, enabling temperature control of 
the wafer. Lower electrode 2 1 is surrounded by a shielding member 25, and insulated 
from a treatment container 19 by a shielding member 24. 
[0005] 

Between lower electrode 21 and upper electrode 12, a high frequency power 
source 29 is connected, for applying a high frequency wave between the two electrodes 
to generate plasma. By way of example, the frequency for the high frequency power 
source may be 13.56 MHz, 2 MHz, or 400 kHz. 
[0006] 

A diffusion space is formed between seal plate 13 and upper electrode 12. 
Two baffle plates 14a and 14b having a number of holes opened therein are provided in 
the diffusion space. A process gas is supplied from a gas supply source (not shown) 
through a process gas supplying path 16, diffused and made uniform by the two baffle 
plates 14a and 14b in the diffusion space, and supplied to treatment chamber 1 1 through 
a number of holes 1 2a formed in upper electrode 1 2. The process gas supplied in this 
manner is used for plasma treatment of the wafer, and evacuated by an evacuation 
pump (not shown) through an evacuation path 26. 
[0007] 

Plasma treatment of a wafer 1 by using the plasma treatment device structured 
in this manner will be described. By a conveyer arm (not shown), wafer 1 is conveyed 
onto lower electrode 2 1 . The upper electrode portion as a whole is lowered to set an 
electrode-to-electrode distance. To treatment chamber 1 1 that has been already 
evacuated to a prescribed pressure, the process gas is supplied through process gas 
supplying path 1 6, to set a prescribed pressure. A high frequency power is applied by 
high frequency power source 29 between lower electrode 21 and upper electrode 12 to 
generate plasma, and wafer 1 is plasma-treated. 
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[0008] 

The conventional, parallel flat plate type plasma treatment device, however, has 
a problem that the speed of processing of plasma treatment becomes higher at the 
central portion of the wafer than at a periphery of the wafer, so that uniformity of 
plasma treatment of the wafer surface tends to be degraded. 
[0009] 

Therefore, it has been proposed to adjust hole distribution of baffles 14a and 
14b such that the number of holes is made larger at the periphery than at the center to 
increase the amount of process gas supplied to the periphery of the wafer, so as to 
improve uniformity of plasma treatment of the wafer surface. 
[0010] 

Further, a plasma CVD device has been proposed (Japanese Utility Model 
Laying-open No. 62-37919) in which an opposing electrode surface, supplied with a 
high frequency power and opposed to a wafer mounting electrode, is formed to have a 
concave shape, a convex shape or both concave and convex shapes, of a prescribed 
radius of curvature, so as to make uniform film thickness distribution of a thin film 
formed on the wafer. A dry etching device has also been proposed (Japanese Patent 
Laying-open No. 2-106925) that has a similar structure to improve uniformity of etch 
rate. 
[0011] 

On the other hand, a plasma treatment device such as shown in Fig. 5 has been 
known in which the lower electrode also serving as a sample table is implemented as an 
electrostatic chuck. In the plasma treatment device, a lower electrode 21 is formed of 
an electrode main body 21b having a flat surface for mounting the sample, and an 
insulating film 21a covering, with a prescribed thickness, the surface for mounting the 
sample. Electrode main body 21b is connected to a DC power source 28 through a 
switch 27. 
[0012] 
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[Problems to be Solved by the Invention] 

However, the above-described method of adjusting hole distribution of baffles 
14a and 14b such that the number of holes is made larger at the periphery than at the 
center to increase supply of the process gas to the periphery of the wafer has the 
following problem. In plasma treatment, the relation between reaction and gas flow is 
very complicated, and even numerical calculation by a computer cannot always 
quantitatively demonstrate the actual phenomenon. Accordingly, this method involves 
a trial-and-error approach to find a condition that improves uniformity of the wafer 
surface, by preparing a large number of baffle plates having different hole distributions. 
As the optimal hole distribution of baffle plates differ dependent on conditions of 
plasma treatment, this method is not necessarily a stable method. 
[0013] 

The above-described method in which an opposing electrode surface, supplied 
with a high frequency power and opposed to a wafer placing electrode, is formed to 
have a concave shape, a convex shape or both concave and convex shapes, of a 
prescribed radius of curvature has the following problem. In this method, not the 
wafer mounting electrode but the opposing electrode surface is used for control, and 
therefore, the method does not have much effect, and dependent on conditions of 
plasma treatment, it is necessary to significantly change the shape. 
[0014] 

In the above-described plasma treatment device in which the lower electrode 
also serving as a sample table is implemented as an electrostatic chuck, the lower 
electrode is formed to have an electrode main body and an insulator. This structure is 
simply for attraction of the sample, and therefore, the insulator has a constant thickness, 
and improvement in uniformity of plasma treatment has not been considered. 
[0015] 

The present invention was made in view of the foregoing, and its object is to 
provide a plasma treatment device that stably enhances uniformity of plasma treatment 
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of the wafer surface. 
[0016] 

[Means for Solving the Problems] 

In order to attain the above-described object, the present invention provides a 
plasma treatment device including, by way of example, a treatment container 19; an 
upper electrode 12 and a lower electrode 21 also serving as a sample table provided in 
the treatment container; and means 29 for applying a high frequency between the upper 
electrode 12 and lower electrode 21, as shown in Fig. 1; characterized in that said lower 
electrode 21 includes an electrode main body 21b and an insulator 21a covering the 
sample-mounting surface thereof, and thickness of said insulator 21a is made thinner 
from the center toward the periphery of the sample-mounting surface. 
[0017] 
[Function] 

At the time of plasma generation, the insulator portion on the main body of the 
lower electrode can be regarded as a capacitor sandwiched by conductors on both sides, 
and therefore, impedance Xc per unit area of the insulator portion having the thickness 
d can be represented by the following equation: 
[0018] 

XC = 1/2 TtfC = d/27lfEr8 0 

where f represents the frequency of the high frequency wave, C represents capacitance 
per unit area, e r represents relative dielectric constant, and eo represents dielectric 
constant of vacuum. 
[0019] 

In the structure described above, the thickness d of the insulator is made thinner 
from the center to the periphery. Therefore, the impedance Xc per unit area of the 
insulator decreases in proportion to the thickness from the center to the periphery, and 
the distance between the electrode main body and the wafer becomes shorter. As a 
result, the high frequency wave applied to the peripheral portion of the wafer becomes 
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stronger, plasma density at the peripheral portion of the wafer increases, rate of plasma 
treatment at the peripheral portion of the wafer increases, and uniformity of plasma 
treatment of the wafer surface is improved. 
[0020] 

Further, what is modified is the structure of the lower electrode on which the 
wafer is mounted, and not the upper electrode away from the wafer, and therefore, 
marked effect can be attained in making uniform the plasma treatment of the wafer. 
[0021] 

Further, as the lower electrode that also serves as the sample table is adapted to 
have a double-layered structure including the electrode main body and the insulator, it 
becomes possible to freely change the distance between the electrode main body of the 
lower electrode and the wafer while flatness of the sample-mounting surface of the 
lower electrode is kept in a state that allows placement of the wafer in close contact 
with the sample table. This facilitates selection of conditions that attain uniform 
plasma treatment. 
[0022] 

[Embodiments] 

Embodiments of the plasma treatment device in accordance with the present 
invention will be described with reference to the figures. 
[0023] 

Fig. 1 is a schematic vertical sectional view representing an embodiment of the 
plasma treatment device in accordance with the present invention. A treatment 
chamber 1 1 is formed of a treatment container 19 of aluminum. 
[0024] 

At an upper portion of a treatment chamber 1 1, an upper electrode 12 of 
aluminum fixed on an aluminum seal plate 13 is insulated and supported by shielding 
members 1 7 and 1 8 formed of alumina. A coolant circulation path 1 5 is formed above 
upper electrode 12 for cooling upper electrode 12. 



[Document Name] Specification 
[Patent] 06-326840 (Dec. 28, 1994) 



[0025] 

At a lower portion of treatment chamber 1 1 , a lower electrode 21 also serving as 
a sample table is arranged on a base plate 23, opposing to and kept at a prescribed 
distance from the upper electrode 12. Lower electrode 2 1 also serves as an 
electrostatic chuck, and is formed of an aluminum electrode main body 21b and an 
alumina insulator 2 1 a covering the main body. Electrode main body 2 1 b is connected 
to a DC power source 28 through a switch 27. In electrode main body 2 1 b, a constant 
temperature fluid circulation path 22 is formed, so that wafer 1 can be kept at a 
prescribed temperature through lower electrode 2 1 . Lower electrode 2 1 has its 
periphery other than the sample-mounting surface covered with a Teflon (registered 
trademark) shielding member 25, and is insulated from treatment container 19 by an 
alumina shielding member 24. 
[0026] 

A high frequency power source 29 is connected between lower electrode 21 and 
upper electrode 12, so that a high frequency wave can be applied between the two 
electrodes. In the device of the present embodiment, the frequency of high frequency 
power source 29 is 13.56 MHz. 
[0027] 

A diffusion space is formed between seal plate 13 and upper electrode 12, and 
two baffle plates 14a and 14b having a number of holes opened therein are provided in 
the diffusion space. A process gas is supplied from a gas supply source (not shown) 
through a process gas supplying path 16, diffused and made uniform by the two baffle 
plates 14a and 14b in the diffusion space, and supplied to treatment chamber 1 1 through 
a number of holes 12a formed in upper electrode 12. The process gas supplied in this 
manner is evacuated by an evacuation pump (not shown) through an evacuation path 26. 
[0028] 

Plasma treatment of a wafer by using the plasma treatment device structured in 
this manner will be described. By a conveyer arm (not shown), wafer 1 is conveyed 
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onto lower electrode 21, and mounted on lower electrode 21 by using a lift pin (not 

shown). 

[0029] 

The upper electrode portion as a whole is lowered to set an electrode-to- 
electrode distance. To treatment chamber 1 1 that has been already evacuated to a 
prescribed pressure, an inert gas such as Ar is supplied through process gas supplying 
path 1 6, to set a prescribed pressure. A high frequency power is applied by high 
frequency power source 29 between lower electrode 21 and upper electrode 12 to 
generate plasma, and switch 27 is turned on to apply a DC voltage to electrode main 
body 21b. Then, wafer 1 is grounded through the plasma, charges are supplied to 
wafer 1, and wafer 1 is attracted to and adhered on lower electrode 21. 
[0030] 

Then, application of high frequency power is stopped, and in place of the inert 
gas such as Ar, a process gas is introduced through process gas supplying path 16. 
The process gas is diffused uniformly by two baffle plates 14a, 14b provided in the 
diffusion space, and supplied uniformly through the holes 12a of upper electrode 12. 
Thereafter, a high frequency power is applied by high frequency power source 29 
between lower electrode 21 and upper electrode 12 to generate plasma, and wafer 1 is 
plasma-treated. 
[0031] 

Wafer 1 is removed in the following manner. Application of the high 
frequency power is stopped, and switch 27 is turned off to stop application of the DC 
voltage to electrode main body 21b. In place of the process gas, an inert gas such as 
Ar is supplied to set a prescribed pressure. A high frequency power is applied by high 
frequency power source 29 between lower electrode 21 and upper electrode 12 to 
generate plasma, and wafer 1 is grounded through the plasma, charges are removed 
from wafer 1, and the force attracting wafer 1 to lower electrode 21 is lost. Then, 
wafer 1 is lift up by a lift pin (not shown), and conveyed away by a conveyer arm (not 
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shown). 
[0032] 

In the present embodiment, electrode main body 21b of lower electrode 21 is 
formed of aluminum, such that the side of the sample-mounting surface has a concave 
shape. To fill the concave portion of electrode main body 2 1 b, alumina is thermally 
sprayed, thereafter the sample-mounting surface is planarized by grinding, and thus, 
insulator 21a is complete. 
[0033] 

In the plasma treatment device, using lower electrode 21 having electrode main 
body 21b and insulator 21a with the cross sectional shape varied, etch-rate uniformity 
in etching a silicon thermally oxidized film on a 6-inch silicon wafer was measured. 
The cross sectional shapes of electrode main body 21b and insulator 21a were varied in 
thickness a (urn) of the insulator at the center of sample-mounting surface and thickness 
b (um) of the insulator at a peripheral portion (50 mm in radial direction from the 
center) of the sample-mounting surface. Table 1 shows etching conditions, and Table 
2 shows results of measurement. Examples 1 and 2 correspond to the present 
invention, and Example 3 corresponds to a conventional example shown in Fig. 5 using 
a conventional electrostatic chuck, with the insulator having a constant thickness. 
Average etch rate was calculated as a simple average of etch rates of the wafer surface. 
Uniformity R uni of etch rate was calculated in accordance with the following equation, 
using maximum and minimum etch rates R max and R,™ of the wafer surface: 
[0034] 

Runi = 1 00 X (R^ - R^,,) / (R^ + R^) (o /o ) 

[0035] 
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Table 1 





CF 4 ( 20sccm) 


Process gas (flow rate) 


CHF 3 ( 30sccm) 




Ar (400sccm) 


Pressure 


250 mTorr 


Electrode-to-electrode distance 


10 mm 


High frequency power 


800 W 


Temperature of lower electrode 


20 °C 



[0036] 
Table 2 





a 

Oim) 


b 

(Hm) 


Average etch rate 
(nm/min) 


Uniformity of etch rate 
(%) 


Example 1 
(present invention) 


600 


200 


462 


5.3 


Example 2 
(present invention) 


300 


200 


451 


6.0 


Example 3 
(prior art) 


300 


300 


448 


6.7 



[0037] 

As can be seen from the results of measurement shown in Table 2, by making 
thinner the insulator from the center to the periphery, uniformity of etch rate could be 
improved. It has been confirmed that a variation in thickness as small as about 1 00 
um attains a satisfactory effect. 
[0038] 

Though the concave is desired to have a smooth curve, it may have a stepped 
shape, and the shape may be determined in consideration of the etch rate distribution. 
[0039] 

In the present embodiment, the thickness of the insulator at the center and at the 
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periphery of the lower electrode is varied by forming the electrode main body 21b to 
have a concave shape on the side of sample-mounting surface. Alternatively, the side 
of sample-mounting surface of electrode main body 21b may be formed flat as in the 
conventional art, and insulator 21a may be formed to have the thickness increased at the 
center. In that case, however, the sample-mounting surface comes to have a convex 
shape. If the convex is too high, a wafer would not be well adhered, or a thin film 
formed on the wafer would be separated. Therefore, in this case, the difference in 
thickness between the center and the periphery should preferably be at most 700 jam. 
[0040] 

[Effects of the Invention] 

As described in detail in the foregoing, the plasma treatment device in 
accordance with the present invention stably improves uniformity of plasma treatment 
of the wafer surface. 
[Brief Description of the Drawings] 

Fig. 1 is a schematic vertical cross sectional view showing the plasma treatment 
device in accordance with an embodiment of the present invention. 

Fig.2 is a schematic vertical cross sectional view showing a lower electrode 
portion of the plasma treatment device in accordance with an embodiment of the 
present invention. 

Fig. 3 is a schematic vertical cross sectional view showing a lower electrode 
portion of the plasma treatment device in accordance with another embodiment of the 
present invention. 

Fig. 4 is a schematic vertical cross sectional view showing a conventional 
plasma treatment device. 

Fig. 5 is a schematic vertical cross sectional view showing a conventional 
plasma treatment device. 
[Description of the Reference Characters] 

1 wafer 
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UDDer electrode 
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holes 
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baffle plate 
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insulator 
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constant temperature fluid circulation path 
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evacuation path 


27 


switch 


28 


DC power source 


29 


high frequency power source 
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[Document Name] Abstract 
[Abstract] 

[Structure] A plasma treatment device includes: a treatment container 1 9; an upper 
electrode 12 and a lower electrode 21 also serving as a sample table provided in the 
treatment container 19; and means 29 for applying a high frequency wave between the 
upper electrode 12 and lower electrode 21; wherein said lower electrode 21 includes ai 
electrode main body 21b and an insulator 21a covering the sample-mounting surface 
thereof, and thickness of said insulator 21a is made thinner from the center toward the 
periphery of the sample-mounting surface. 

[Effect] The device stably improves uniformity of plasma treatment of the wafer 
surface. 

[Selected Drawing] Fig. 1 
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